Rabies is a public health and animal health issue with environmental, social and economic drivers and impacts. For decades, Lyssaviruses diagnostic research has been carried out independently at laboratories of several States of Brazil. In some areas activities have been developed for rabies prevention, such as the monitoring of the risk and also population control of haemathophagous bats. During the last years, however, the number of reports on human cases of rabies transmitted by bats and others wildlife animals in the North and North-East of Brazil increased, and new challenges had occur. Adequate dealing with situations of infected non-human primates (Callithrix jacchus) attacking humans and transmitting Lyssavirus in Ceará and D. rotundus spoliating pets, mainly dogs, in Rio de Janeiro has to be deployed. Th e feeding of Desmodus rotundus on pets has been reported lately with much more frequency close to urban areas, and eventually even persons are the victims. Th e new human case of marmoset-transmitted rabies in the State of Rio Grande do Norte beginning 2014, currently under investigation, demonstrate the urgency of information of technology and intersectoral investigations, allowing immediate follow-up, feed-bac and studies towards nidality, causes and possible solutions for these high risk events, starting at the local level. Usually rabies cases occurred in vulnerable populations and to address this neglected disease, there is need of awareness and educational activities that induce the aff ected population to look for post exposure prophylaxis in case of risk and also strengthening the training for "One Health" professionals to identify risk areas and for monitoring, prevention and interventions.
INTRODUCTION
Rabies is a public health and animal health issue with environmental, social and economic drivers and impact. Human rabies transmitted by dogs is in the process of being eliminated in the Americas (PAHO 2009 ). Reports of human cases transmitted by wild animals have now exceeded the cases transmitted by dogs, and have acquired greater signifi cance in the context of public health in the region (Kotait et al. 2007) .
In Brazil and other countries, especially in the Amazon region, regular outbreaks of the disease are transmitted by vampire bats (Schneider et al. 2009 ). Human populations living in areas of Brazil which are diffi cult to access, mainly in the north (Amazon) and north-east (hinterland), are at risk of contracting rabies from contact with infected, free-roaming mammals (bats, nonhuman primates, wild canids). Human cases of the disease, transmitted by non-human primates (Callithrix jacchus) and non-vampire bats, and the frequent cases in foxes and guaximins, translate the epidemiological scenario that occur mainly in north-eastern Brazil (Morais et al. 2000 , Favoretto et al. 2001 , Aguiar et al. 2012 .
Furthermore, when some environmental changes occur on a small scale, wild animal species in the peripheral region of large cities interact with the human population and domestic animals (Romijn 2008) . Th ese populations living at metropolitan or rural areas very close to forest environments also have difficulty accessing health services and are often unaware of the risks of the disease.
When cases of death by rabies come to the attention of the authorities, they should be able to trigger a complex and timely emergency procedure involving health services and agriculture, and not concentrate only on avoiding new cases in these areas. The current political scenario is that the various government departments involved have difficulties interacting with one another when dealing with interdisciplinary matters such as the prevention of zoonoses, which involves departments responsible for the environment, agriculture, and human and animal health (FAO-OIE-WHO 2010) . Many lives could be saved, many human and financial resources could be optimized, and results could be improved if the information of these departments were integrated (Coker et al. 2011 , Semenza et al. 2013 .
There are no doubts that at all political levels the control of rabies is considered a relevant issue, and preventive measures, mainly by existing programs, speak for themselves. But there is need for compromise (FAO-OIE-WHO 2010) . This theme should have priority at all governmental levels, as the impact is relevant for agriculture, health, education and the environment.
In Latin America.
Since 1968 PAHO put in place the Regional Information System of Epidemiological Monitoring of Rabies in the Americas" (SIRVERA), that included cases in human domestic and wild animals, originally with weekly bulletins distributed among Agriculture and Health programs through an open access web page. Also PAHO brings together the Ministries of Agriculture and Health to discuss common issues, such as the political decision to create the REDIPRAs, "Regional Program for the Elimination of Rabies Transmitted by dogs in Latin America" ). The first Meetings of the Directors of the National Program was in 1983 in Ecuador with the participation of representatives from Health and Agriculture Programs in Latin America (Schneider et al. 2007 ). These meetings have the objectives to review strategies for the Regional Plan of Human Rabies Prevention, re-enforce the solidarity among the countries, develop cooperation projects aiming at the elimination of rabies and produce recommendations for elimination processes.
In 1991, after the first outbreaks of human rabies transmitted by vampire bat was reported, PAHO organized a Regional Expert Meeting on this topic (OPS 1991) .
It has already been demonstrated by Schneider (1996) using a mathematical model, that the combined actions for remote areas of difficult access for health services should combine pre-exposure prophylaxis with population control of Desmodus rotundus (health and agriculture together). In 2006 the importance of this topic as a joint effort was again brought to attention at the new regional expert meeting organized by PAHO in Brazil.
Rabies in The Americas could be considered one of the first examples of the "One Health" approach integrating a comprehensive view of humans, animals and ecosystems in the complexity of one viral disease (Schneider et al. 2011) .
At country level in Brazil.
Both Health and Agriculture Ministries have their National Program for Rabies Control in Brazil, whose resolutions are transmitted to all Brazilian State Secretaries, which are involved in the treatment of affected persons and in the reporting of human and animals cases. The National Program of Rabies Prophylaxis was created in 1973 in the Ministry of Health in strong coordination with the national commission which included the Ministry of Agriculture, the organism responsible for immunobiological production at that time, Ministry of Education and PAHO (Schneider 1996) . ). In Brazil the post exposure prophylaxis for all habitants is included in the Health System free of charge, of which more then five thousand municipalities have access to the vaccine. This initiative along with the mass dog vaccination campaigns in the last decade, helped control rabies outbreaks spread by dogs. Cases of other animal rabies became more evident, such as cases of rabies among herbivores transmitted by Desmodus rotundus, and also human rabies by other sylvatic animals . The agricultural department has considered to not be involved with sylvatic animals and only focus on ways to prevent the disease in domestic animals. If there would be a place and a way to notify areas of risk or suspected cases, the first step would have been given.
The prevention and control of outbreaks of human rabies transmitted by vampire bats in Brazil were tackled together by Health and Agriculture sectors from 1991 onwards (Schneider et al. 2006) . Brazil developed for the first time guidelines and trainings for surveillance and control of outbreak through a holistic approach which included risk characterization of the areas with environmental aspects and possible changes in the productive process such as gold mining and deforestation. Additionally surveillance systems for cattle were suggested to alert the health sector about the presence of Lyssavirus in animals (Ministério do Brasil 1991; OPS Expert Consultation 2006). In 2002 and 2006 the importance of this theme and necessity of a joint effort was again brought to attention and new regional and national meetings, guidelines and commitments were produced. This included documents, websites and presentations in scientific meetings.
In the same period many other countries of Latin America also created their National Rabies Program .
At State level.
The States in Brazil also have rabies programs in accordance with the norms of the National Program. At the Agricultural State Secretary there is the Program for Herbivore Rabies Control and the Health Department is in charge to maintain available the post exposure prophylaxis to the population at risk; organize mass dog vaccination campaigns in several states where the risk of dog transmitted rabies still persist; and to focus on other activities to control urban rabies transmitted by dogs.
When an outbreak of human cases transmitted by wildlife occurs, intersectorial activities starts, however it is not always that the Epidemiological Monitoring Department contacts the Zoonoses Services, and vice versa. There is still a need for knowledge and communication among Departments through intersectorial and interdisciplinary activities.
The public policies need tools for efficient monitoring and risk evaluation about rabies occurrence, in time to prevent human cases of the disease, as well as in cases of domestic animals. It is necessary to define and implement methodologies that permit the analysis of risk factors at the animal-human-environment interface and predict rabies outbreaks in high risk areas.
At the level of municipalities.
Sound arguments will be required if local decision makers are to be persuaded to introduce policy changes grounded in research, reinforcing the need to develop strategies to translate local successes into largerscale impacts. There are communities with associations which can help make action sustainable, and expand it to government areas. However, in the current structure, there is no clarity among which local authorities are responsible for preventing rabies among wildlife. In order to pinpoint the causes of the problem in a timely manner, and help reduce cases of rabies, an approach where political processes and policy makers work together within a comprehensive and coordinated framework is highly recommended.
In the case of people being bitten by animals (domestic or wildlife) everyone in Brazil has the right to receive post exposure prophylaxis free of charge according to the Ministry of Health guidelines. The WHO recommends the administration of vaccine and rabies immunoglobulin as soon as possible for cases exposed to bats (WHO 2013) .
If the suspected animal is captured, it is important to monitor if Lyssaviruses are present in that species and analyze the risk vulnerability of disease in the area even in low activity. Coordinate exchange of information among the existing laboratories and surveillance system is extremely important to better analyze the risk of disease. This could be done at local level if some tools and mechanisms are put in place.
A permanent framework for joint action is required between departments focusing on health, agriculture and the environment, as well as academic institutions and communities. Without interdisciplinary collaboration, political will and the participation of the communities involved, areas of risk are not detected, infections are not reported and clinical cases of rabies cannot be avoided (Semenza et al. 2013) .
It is imperative to develop better management of risk diagnosis for rabies by mapping areas and developing integrated operational applications which are able to predict, prevent, detect and respond to outbreaks of the disease; to conduct research on field vaccination and the collection of serum samples, and answer questions about the post vaccine immunity period; held workshops on how best control wildlife which transmits the disease, and organize local field days with educational activities on the prevention of rabies. Environmental education activities automatically lead to action towards sustainable agriculture and health in terms of the people involved (Ecohealth). There is need for indicators, sentinels, and information technology at a epidemiology network.
Controversies exist regarding how Lyssaviruses persist in wild animals (Blackwood et al. 2013 ), but it is well known that environmental changes may affect the food chain of the wild animals which lived there previously (Semenza et al. 2013) . These changes can cause stress, leading to depression of the immune system, and making the affected animals more susceptible to diseases, including rabies. In this way, environmental changes associated with agriculture are considered to be the primary cause of outbreaks of rabies in domestic animals and in humans. It is also well documented that domestic animals such as cattle and horses are routinely bitten by the vampire bat Desmodus rotundus, and that avoiding bites between potential transmitters and susceptible mammals prevents infection and economic losses. All these data can be monitored, processed, analyzed by information technology and conduct to disease prevention.
The populations of Desmodus rotundus and Callithrix jacchus have increased considerably in areas of deforestation where livestock or fruit growing have been introduced, as they offer an easy and plentiful food supply. When cattle are removed for slaughter or the fruit harvest is over, bats have to look for new food sources, which could ultimately be human; marmosets may invade houses, for example, looking for food, and are often captured to be kept as pets.
In practice, risk areas can be calculated, and the knowledge of these risk areas makes it possible to prevent many cases of rabies in humans, and may help reduce cases in domestic animals. This can be achieved with known technology and computer science, and by incorporating available data from agriculture, health and environment.
Computerized programs with data on environmental changes are able to supply integrated prevention projects at the local level in real time (Semenza et al. 2013) . These projects should involve constant qualifying of professionals of health, agriculture, environment and education; application of environmental laws about wild animal's hunting; and specific monitoring of risk situations by agencies at community level. This will allow a systemic response to wildlife rabies cases. Cattle and horses may serve as sentinels for the presence of transmitters and viruses in the rural environment. The health department will be able to identify people who have been bitten, and offer them post exposure prophylaxis (vaccine and sera therapy), and agricultural agencies will be able to monitor constantly, notify cases of the disease and ultimately control populations of Desmodus rotundus. The environment monitoring departments have a special role, as most outbreaks occur in environments with recent imbalance, and some mammal species, such as Callithrix jacchus, become invasors and a plague. Specific software may also monitor these situations, and act as a tool for risk assessment at the local level.
In line with the above, we therefore suggest an initiative to reduce the problem of rabies in humans through a multidisciplinary policy of risk detection and well-prepared intervention based on a computerized system. The implementation of the initiative should involve the availability of technical and epidemiological expertise in real-time, and studies on thermo-resistant vaccines and technology to verify serum conversion in the field. In addition to methodology to define risk situations, such a project may develop guidelines for intersectional practice to help the health, agriculture, environmental and educational sectors to act in a coordinated way at local level.
Finally, successful intersectorial interventions may be rolled out to other municipalities and neighboring states, being replicable across other regions as required, and at minimal cost, extending the benefit to more people.
